A collection of 201 isolates of Staphylococcus aureus was examined : 152 methicillinsensitive S . aureus (MSSA) comprised 48 blood culture isolates (BC) and 58 isolates from routine diagnostic specimens (RD) from Glasgow Royal Infirmary (GRI), and 46 strains from nasal swabs of patients attending a general practitioner (GP); 49 isolates were of methicillin-resistant S . aureus (MRSA) from GRI. We have previously shown that the MRSA could be divided into two sub-groups on the basis of sensitivity or resistance to aminoglycoside antibiotics. Production of enterotoxins A, B, C and D, and a-, /3-, y-and 8-haemolysins was detected by reverse passive latex agglutination (RPLA) and agar overlay methods respectively: 60% of BC MSSA and a similar proportion of MSSA from other sources produced enterotoxin ; 87% of aminoglycoside-sensitive MRSA produced enterotoxin (89% of these produced enterotoxin A alone) whereas only 27% of aminoglycoside-resistant MRSA were enterotoxin-positive, significantly less than either MSSA or aminoglycosidesensitive MRSA. The proportion of haemolysin-producing isolates did not differ amongst the isolates of MSSA and MRSA; there was no difference in the distributions of haemolysins between aminoglycoside-sensitive and -resistant strains of MRSA. GP MSSA had higher and lower numbers of y-and 8-haemolysin producers respectively than other S. aureus isolates. a-Haemolysin producers were commoner amongst MRSA isolates, which were also more likely than MSSA isolates to produce several haemolysins. Differences in enterotoxin production between aminoglycoside-sensitive and -resistant MRSA isolates reflect subgroups previously defined by biotype, phage type, immunoblot and restriction enzyme fragmentation pattern data, and provide further evidence for the existence of two major MRSA clones in GRI.
Introduction
Staphylococcus aureus infections are important causes of morbidity and mortality in hospitals and the community. The spectrum of disease produced by these organisms and the range of pathogenic processes is very wide and includes toxin-mediated phenomena, direct tissue destruction and secondary immune
In recent years the therapy of such infections has been complicated by the widespread occurrence of methicillin-resistant S . aureus (MRSA) i~olates.~' MRSA have been responsible for outbreaks of nosocomial infection world-wide,' especially in A~stralia,~. North America' and, more recently, in many parts of Europe, including Ireland" l o and Great Britain,'. l 1 and significant numbers of isolates have been reported from a number of other countries, including Greece, France, Portugal, Italy and the Middle East.
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The pathogenic potential of MRSA, in comparison with methicillin-sensitive S . aureus (MSSA), has been the subject of controversy and speculation.'* ' The production of various determinants of pathogenicity, including protein A and c~agulase,'~-'~ lipase, ' ' haemolysin' 7 * and enterotoxin' ' 9 * 9 9 *' has been investigated.
We have shown previously that community isolates of MSSA and hospital MSSA and MRSA isolates may be characterised by means of plasmid profiles and restriction enzyme fragmentation patterns (REFP). 21 We have also demonstrated that MRSA isolates in Glasgow Royal Infirmary (GRI) comprise two major clones on the basis of phage type, biotype, immunoblot pattern and REFP. 22 In this study we have extended the analysis of these strains to include pathogenicity factors by comparing the production of enterotoxins and haemolysins by reverse passive latex agglutination and agar overlay methods, respectively.
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Materials and methods
rganisms
A collection of 201 isolates of S . aureus was studied : 49 MRSA isolates, 48 consecutive MSSA isolates from blood cultures (BC) and 58 MSSA isolates from other routine diagnostic specimens (RD) from GRI, as well as 46 MSSA isolates from the noses of patients attending a general practitioner (GP). Multiple isolates from the same patient were excluded. All were identified as S . aureus on the basis of their colonial morphology and positive results in coagulase and latex agglutination (Staphaurex, Wellcome) tests."
The MRSA isolates were divided into two groups on the basis of sensitivity or resistance to various aminoglycoside antibiotics." We have shown previously that this difference in antibiogram reflects the existence of two major MRSA clones in GRI as defined by phage type, biotype, immunoblot and REFP. 2 2
Enterotoxin production
Production of enterotoxins A, B, C and D was determined by reverse passive latex agglutination (RPLA), with commercial kit tests (SET-RPLA, Oxoid), according to the manufacturer's instructions. Isolates were inoculated on to nutrient-agar plates and incubated for 24 h at 37°C. Sufficient growth was harvested from these plates to provide c. 2 pg bacterial dry weight/ml; this was inoculated into 10 ml of nutrient broth and incubated for 18 h at 37°C in an orbital incubator. After centrifugation at 2000 g for 15 min at 4"C, the upper 10 ml of supernate was retained for analysis.
Into each well of five rows of a V-bottomed microtitration plate, 25 pl of phosphate-buffered saline containing bovine serum albumin 0.5% w/v was dispensed and 25 pl of the test culture supernate was then dispensed into the first well of each row and doubly diluted; the dilutions were not extended into the last well of each row. To each well of the first row was added 25 p1 of latex sensitised with rabbit antistaphylococcal enterotoxin A IgG antibodies ; to row 2, 25 pl of anti-enterotoxin-B-sensitised latex ; to row 3, 25 pl of anti-enterotoxin-C-sensitised latex; to row 4, 25 pl of anti-enterotoxin-D-sensitised latex; and to row 5, 25 p1 of a control latex suspension coated with non-immune rabbit globulin. The contents were mixed thoroughly by micromixer, covered, and left undisturbed on a vibration-free surface at room temperature for 20-24 h. Each of the test wells (rows 1-4) was then examined for agglutination which indicated the presence of the respective enterotoxin (A, B, C or D). The absence of agglutination in row 5 and in the last well of rows 1-5 (negative controls) served to exclude spurious non-specific agglutination and auto-agglutination, respectively.
Detection of haemolysins
Production of a-, p-, y-and 8-haemolysins was detected by a modification of methods described elsewhere. 19, 23 Rabbit anti-a antiserum and 8-haemolysin were supplied by Dr T. H. Birkbeck, Department of Microbiology, University of Glasgow. Five colonies of each test organism were inoculated into 1-ml volumes of brain-heart infusion broth and incubated for 18 h at 37°C in air; these cultures were then inoculated in batches of 20, with a multi-point apparatus, on to three nutrient-agar plates for detection of a-, /?-and 6-haemolysin. For y-haemolysin production, the cultures were inoculated on to a nutrient-agarose plate. The plates were incubated for 18 h at 37°C in air.
a-Haemolysin production. The nutrient-agar plates were overlaid with 5 ml of rabbit blood 5% v/v agar. After the agar had set, 2-mm diameter wells were cut in the spaces between the test strains. Into these wells were dispensed 5 pl of rabbit anti-a-haemolysin antiserum, After incubation for 24 h in air at 37"C, the plates were examined for haemolysis, with specific inhibition of a-haemolysin activity around the wells containing antiserum.
p-Haemolysin production. The nutrient-agar plates were overlaid with 5 ml of sheep blood 5% v/v agar. After the agar had set, 2-mm diameter wells were cut in the spaces between the test strains. Into these wells were dispensed 5 pl of 8-haemolysin. After incubation for 24 h in air at 37"C, the plates were examined for haemolysis due to p-haemolysin, which could be recognised by enhancement around the wells containing 8-haemolysin.
y-Haemolysin production was determined in a manner similar to that used for a-haemolysin. The nutrientagarose plates were overlaid with 5 ml of rabbit blood 5% v/v agarose. After the agarose had set, 2-mm diameter wells were cut in the spaces between the test strains. Into these wells were dispensed 5 pl of rabbit anti-a-haemolysin serum. After incubation for 24 h in air at 37°C the plates were examined for haemolysis; spurious a-haemolysin activity was inhibited by the antiserum.
8-Haemolysin production was determined on nutrient-agar plates overlaid with 5 ml of cod blood 5% v/v agar. The plates were incubated for 4-8 h at 4°C and observed for haemolysis.
Statistical analysis
The distribution of enterotoxins and haemolysins amongst the various groups of organisms was compared by means of the x2 or Fisher's exact test as appropriate. 24 
Results
Enterotoxin production
S. aureus
Number of group isolates Table I shown separately for the MRSA isolates designated aminoglycoside-sensitive or -resistant, to demonstrate differences between them.
When the number of enterotoxin-A-producing isolates in each of the three MSSA sub-groups was compared, there was no significant difference (p> 0.5); for comparison with the MRSA isolates, these results were combined. The relative number of enterotoxin-A-producing isolates did not differ significantly between the MSSA (55 of 152) and aminoglycoside-resistant MRSA (5 of 26) groups. However, the aminoglycoside-sensitive MRSA isolates differed markedly from the others-19 (83%) of 23 isolates produced enterotoxin A (p < 0.001).
There was no significant difference (p > 0.5) in the distribution of enterotoxin-B-producing isolates between the three MSSA sub-groups, between the No significant difference was found in the distribution of enterotoxin-C-producers amongst the BC and RD MSSA collections. The proportion of enterotoxin-C-producers amongst these hospital MSSA strains (1 4 of 106) did not differ from that in the aminoglycosidesensitive (3 of 23) or -resistant (4 of 26) MRSA subgroups (p > 0.5). However, significantly more enterotoxin-C-producing isolates (16 of 46) were found amongst the GP isolates than in either the combined BC and RD MSSA (14 of 106), or the combined MRSA (7 of 49) (p <0.001).
There was no significant difference in the number of enterotoxin-D-producing isolates in any of the MSSA sub-groups (p>O.5), but none of the MRSA isolates produced enterotoxin D and the difference between the number of enterotoxin-D-producing isolates in the combined MSSA (17 of 152) and the MRSA (0 of 49) collections was significantly different Any isolate that produced one or more enterotoxin(s) was defined as an enterotoxin producer. There was no significant difference in the relative numbers of enterotoxin producers in the various MSSA collections (p>O.5) ( 0.00 1). However, significantly fewer enterotoxin producers were found amongst the aminoglycosideresistant MRSA (7 of 26) than in either their aminoglycoside-or methicillin-sensitive counterparts When the distributionof enterotoxins was examined by subdividing the isolates according to the production of none, one, or two or more enterotoxins (table 111) , the BC and GP MSSA sub-groups gave similar results (p < 0.001).
(p > 0.5). However, relatively fewer of the RD isolates produced two or more enterotoxins with a concomitant increase in the number of single enterotoxin producers, although this difference only achieved statistical significance when compared with the GP isolates (p < 0.00 1).
Seventeen of the 20 enterotoxin-producing aminoglycoside-sensitive MRSA isolates produced a single enterotoxin; all 17 produced enterotoxin A. In contrast, although the aminoglycoside-resistant M RSA were predominantly non-producers, more than half of those that were enterotoxin-producers produced more than one enterotoxin. Thus, the pattern of enterotoxin production in aminoglycoside-sensitive and -resistant MRSA isolates differed markedly from that in the MSSA isolates (p < 0.001) but for different reasons;
with the former group because of the preponderance of single enterotoxin-A-producers, the latter group as a result of the large number of non-producers ( fig. 2 ). production amongst the MSSA and MRSA sub-groups (~~0 . 5 ) and there was no difference in the relative combined total numbers of P-haemolysin-producing MSSA isolates (30 of 152) and MRSA isolates (14 of 49) (p > 0.5).
Haemolysin production
Considerably more GP isolates produced y-haemolysin than did strains from either R D or BC collections (p < 0.001). A less marked, but nonetheless significant increase was also apparent in the number of yhaemolysin-producers amongst the BC isolates compared with the RD isolates of MSSA (p <0.001). The proportion of y-haemolysin producers in the aminoglycoside-sensitive and -resistant MRSA isolates did not differ significantly (p > 0.5). Of MRSA isolates, 3 1 (63%) of 49 were y-haemolysin producers, a number similar to that of the BC MSSA isolates (p > 0-5), but Table IV . Distribution of haemolysin production in isolates from different sources somewhat higher and lower than the RD and GP MSSA isolates respectively (p < 0.001).
Significantly fewer GP than either BC or RD MSSA isolates produced 6-haemolysin (p < 0.001). The BC and R D collections did not differ in this respect (p> 0.5). Similarly, the aminoglycoside-sensitive and -resistant MRSA isolates did not differ significantly (p>03). When the combined MRSA results (30 of 49) were compared with the combined BC and RD figures (60 of 106), representing "hospital isolates" of MSSA, there was no significant difference. However, it was clear that more MRSA isolates produced 6-haemolysin than did GP MSSA isolates (p < 0.001).
The isolates were divided into haemolysin producers, defined as any isolate that produced one or more haemolysin, and non-producers. There was no significant difference between the numbers of haemolysinproducers in the various MSSA collections (p > 0.5) (table V); the MRSA collections were similarly homogeneous. The relative total numbers of haemolysin producing MSSA isolates (1 45 of 152) and MRSA isolates (44 of 49) did not differ significantly (p > 0.5).
When the number of MSSA isolates in each of the BC, GP and R D sub-groups that produced less than two, two, or three or more haemolysins was compared, no significant differences could be demonstrated (table VI) (p > 0-5). Similarly, there was no significant difference between the aminoglycoside-resistant and -sensitive MRSA sub-groups (p > 0.5). Because the number of MRSA isolates that produced less than two (91) 5 (9) 20 (87) 3 (13) 24 (92) 2 (8) haemolysins was small, and in order to facilitate a valid statistical comparison, isolates that produced two haemolysins were combined with those producing less than two haemolysins. The distributions of numbers of haemolysins produced by MSSA and MRSA isolates differed (fig. 4) ; the MRSA isolates produced significantly more haemolysins (p < 0.001).
Discussion
If the pathogenicity of S. aureus is related to the production of enterotoxins it might be expected that isolates from "serious" infections, such as septicaemia, would be more likely to yield enterotoxins. Humphreys and co-workers in Dublin have shown previously that more than 63% of 52 blood culture isolates studied produced enterotoxins A, B, C or D, alone or in combination, whereas only 11% of 27 nasal carriage isolates yielded enterotoxin (in every case enterotoxin D alone).*' In the present study 29 (60%) of 48 septicaemia (BC) isolates produced enterotoxins. This finding is in close agreement with their experience and the distribution of individual enterotoxins was similar. However, the findings for the nasal carriage isolates were strikingly different: 29 (63%) of 46 Glasgow isolates produced at least one enterotoxin, although, as in Dublin, this was usually enterotoxin D.
The marked disparity in the ability of nasal carriage isolates to produce enterotoxin was intriguing. Firstly, it demonstrates that nasal carriage isolates from geographically distinct locations do not express this characteristic homogeneously, and underlines the need to establish an appropriate local representative collection of organisms when making comparisons. Secondly, it suggests that even if enterotoxin production is associated with enhanced pathogenicity, the ability of S. aureus to produce disease depends on other factors as well.
The proportion of enterotoxin producers amongst the RD S. aureus isolates (52%) was slightly lower than amongst the BC and GP isolates (60% and 63% respectively), but not significantly so. The distribution of the individual enterotoxins was again similar. However, Jordens and co-workers did not detect enterotoxin production in any of 10 clinical isolates of MSSA from the London Hospital. l 7 It is not surprising that significant enterotoxin production is common in other clinical isolates. Many of the septicaemic episodes were hospital-acquired and the organisms involved would form a subset of those found in other clinical lesions from patients within the hospital. The higher proportion of BC isolates that produced enterotoxins, when compared with other strains, might have attained statistical 
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Number of group isolates significance if the sample size had been larger, and enterotoxin production may be related to the invasive capabilities of these organisms. Conversely, it could be argued that other factors, unrelated to enterotoxin production, are of greater importance in determining the ability of an organism to produce septicaemia. None of the patients whose organisms made up the RD collection subsequently developed S . aureus septicaemia.
The high rates of enterotoxin production by aminoglycoside-sensitive MRSA in GRI reported in this study were similar to those reported elsewhere17* 19- 19 (83%) of 23 isolates produced enterotoxin A; two of these isolates also produced enterotoxins B and C, and a third elaborated enterotoxins B and C only. However, 19 (73%) of 26 aminoglycoside-resistant MRSA did not produce enterotoxins; three isolates produced enterotoxin A alone, two isolates enterotoxins B and C, one isolate enterotoxins A, B and C, and one isolate enterotoxins A and C.
In view of their cytotoxic effects, it might be expected that isolates from septicaemic episodes would be more likely to elaborate haemolysins. Humphreys' showed that in such isolates from Dublin hospitals, the frequencies of a-, y-and 6-haemolysin production were in excess of 80%. In the current study the corresponding figures were considerably lower. The frequencies of a-and y-haemolysin production (58% and 50% respectively) were in closer agreement with those of Christenssen and Hedstrom*' who found 58% and 24% production amongst 88 septicaemia isolates of S. aureus. Whereas the Dublin group found little difference in the frequency of haemolysin production in septicaemia and nasal carriage isolates, we found substantially higher and lower numbers of y-and 6-haemolysin producers respectively, in the carriage group.
With the exception of a very low frequency of yhaemolysin production (28%), the distribution of haemolysin production in the RD group was similar to that in the hospital septicaemic group, which again may reflect the fact that the BC isolates form a subset of the RD collection.
Frequencies of haemolysin production, and particularly multiple haemolysin production, tended to be higher in MRSA isolates from GRI than in other hospital isolates, but the numbers of a-(7373, y-(63%) and 6-(61%) haemolysin producers were not as high as those found by Jordens et al." or Humphreys et aZ. 19 In contrast with these studies, 28% of GRI MRSA isolates produced P-haemolysin. Unlike the findings with regard to enterotoxin production, there were no marked differences in the frequencies of haemolysin production in the aminoglycoside-sensitive and -resistant MRSA groups.
Clearly the results of tests for pathogenicity factors in S. aureus demonstrated a number of similarities with previously published data, as well as some important differences. The major differences concern the GP MSSA and the MRSA results. The GP MSSA results suggest that the relationship between enterotoxin and haemolysin production and pathogenicity is not simple. Enterotoxin production frequencies were very similar to, and haemolysin production frequencies only marginally lower than, the frequencies in their counterparts from clinical infection episodes ; enterotoxin C and y-haemolysin frequencies were significantly higher. Amongst the MRSA strains, the findings with the aminoglycoside-sensitive isolates were very similar to those with MRSA strains from elsewhere; high frequencies of enterotoxin A production were coupled with high frequencies of haemolysin production. However, whereas the aminoglycoside-resistant MRSA strains were indistinguishable with regard to haemolysin production, their very low frequency of enterotoxin production was quite different, and has not been described in MRSA strains from elsewhere. " 9 '
We have shown previously that MRSA isolates in GRI can be subdivided into two major groups on the basis of phage type, biotype, immunoblot and REFP data.** To some extent these differences are reflected in the distribution of these organisms within discrete clinical areas of the hospital. The subdivision of GRI MRSA strains into enterotoxin A-producing aminoglycoside-sensitive isolates and predominantly enterotoxin non-producing aminoglycoside-resistant strains, as revealed by this study, mirrors the subgroups defined by the other methods (table VII) . These results reinforce the hypothesis that MRSA strains in GRI are derived from two predominant clones.
There is little doubt that the enterotoxins and haemolysins of S. aureus are toxins of considerable potency. Equally, in a situation where all three MSSA groups produced these toxins with similar frequency, there must be other factors that determined whether an individual's experience of the organism resulted in asymptomatic carriage or fatal septicaemia. These factors would have included other toxins and enzymes produced by the organisms, opportunity for deeper tissue invasion, humoral and cellular immune status, nutritional status, age and underlying disease of the patient. This multitude of variables confounds attempts to understand pathogenicity in terms of properties of the organism alone.
To some extent animal studies and in-vitro systems can help us to standardise the relative pathogenic potential of organisms. In the long term, it must be hoped that such studies in conjunction with an increased knowledge of immune mechanisms, and quantitation of those factors which render an individual susceptible to infection, will allow us to relate the
